suggesting that it may beflow-related; thegreatest changes were seen in thegroup with preoperative ventricular septal defect. The ratio ofpulmonary: systemic vascular resistance did not change significantly after operation, and it is suggested that both the pre-and postoperative values were higher than normal. Examination of the left ventricular or pulmonary arterial mean pressure postoperatively should raise the suspicion of a complication, e.g. pulmonary venous obstruction or tricuspid regurgitation.
Since 1964, the physiological correction of transposition of the great arteries has been achieved by Mustard's operation in numerous patients. Several reports of postoperative studies have included both immediate and long-term results (Kidd and Mustard, 1966; Shankar et al., 1967 : Price et al., 1971 Stark et al., 1972; Rodrigues-Fernandez et al., 1972; Morgan et al., 1972; Rizk, Moller, and Amplatz, 1973; Newfeld et al., 1974; Venables, Ediz, and Clarke, 1974; Stark et al., 1974) . In Mustard's procedure an artificial baffle channels vena caval blood through the mitral valve into the left ventricle, and pulmonary venous blood through the tricuspid valve into the right ventricle. The present report considers the influence of the baffle on the pressure events in the atria and great veins, and the changes in the pulmonary vascular and left ventricular dynamics.
The importance of recognizing postoperative Received 25 March 1976. 'This work was supported in part by a grant from the British Heart Foundation. vena caval pathway obstruction has previously been stressed (Stark et al., 1974 ). An examination of venous and atrial pressure events is fundamental to the understanding of this complication. Pulmonary vascular disease is well documented as an early complication of transposition of the great arteries (Ferguson, Adams and Watson, 1960; Noonan et al., 1960; Ferencz, 1966; Viles, Ongley, and Titus, 1969; Mair et al., 1971; Newfeld et al., 1974) . The importance of evaluating the pulmonary vascular resistance preoperatively has been stressed (Mair et al., 1971; Newfeld et al., 1974 (1) Pulmonary arterial mean pressure (PPA). where Pj., PE,-PA , and PiA represent mean pressures in pulmonary artery, left atrium, aorta, and right atrium, respectively. The postoperative ratio was calculated in the same way except that the pulmonary venous atrial mean pressure was substituted for PLu and the average of the vena caval mean pressures for Pja. Op/10s was assumed to be unity in the absence of shunts, and for the purpose of these calculations, coronary sinus flow into the pulmonary venous atrium was ignored. The above variables were analysed in the group as a whole and in subgroups with the following: (a) Preoperative ventricular septal defect. (b) Postoperative systemic venous pathway obstruction (Stark et al., 1974) .
(c) Postoperative tricuspid regurgitation Results (a) Superior and inferior vena caval and systemic venous atrial pressure The systemic venous atrial pressure tracings had the usual waves and troughs but were characterized by a rapid, sharp 'y' descent coinciding with early ventricular diastole (Fig. 3, 4 , 5). In 44 of the 54 cardiac catheterizations 'a' and 'v' waves and 'x' and 'y' troughs were identifiable; the 'y' trough was lower than the 'x' in all but two cases, the mean difference in pressures being 4 mmHg (05 kPa) (SEM ±0-5, P < 0001). Pressures in the superior and inferior vena cava were generally higher than in the systemic venous atrium whether or not the vena caval pathways were obstructed clinically (Table 1) . This was true of the mean pressures and of the individual pressure waves and troughs. In both the obstructed and unobstructed groups the 'a' wave and 'y' trough gradients were significantly greater than the mean gradients (Table 1, Fig. 3, 4, 5) .
As expected, the pressure gradients were usually greater when obstruction was present. Giant 'a' waves were seen in some superior vena caval pressure tracings (Fig. 3) . In these cases, cineangiography showed intracardiac obstruction of the superior vena caval pathway and presystolic reflux of contrast material up the superior vena cava, which was attributed to contraction of the right atrial appendage, upstream to the obstruction.
(b) Pulmonary venous atrial pressures After Mustard's operation, the pulmonary venous atrium drains through the tricuspid valve into the right ventricle. Thus, the tricuspid valve has the same physiological function as the mitral valve in the normal circulation. The pulmonary venous atrial mean pressures did not differentiate between those patients who had grade 1 and 2 tricuspid regurgitation and those who did not ('Normals') ( Table 2) . The 'v' waves were significantly higher in the group with tricuspid regurgitation. In the 'Normals' there was no significant difference between the magnitudes of the 'a' and 'v' waves or between the 'x' and 'y' troughs. In patients with tricuspid regurgitation the 'v' waves were significantly higher than the 'a' (mean difference 8-6 mmHg (11 kPa), P<O001) and the 'y' troughs were significantly lower than the 'x' (mean difference 4-5 mmHg (0-6 kPa), P < 0 001) (Fig. 4) . Thus in patients with tricuspid regurgitation the 'v' wave was the highest and the 'y' trough was the lowest in the pulmonary venous atrial pressure tracing. In 4 patients with severe tricuspid regurgitation, mean pulmonary venous atrial pressures were raised to a mean of 28 mmHg (3.7 kPa) . Two of the patients in this study had pulmonary venous obstruction with mean pressure gradients of 10 and 30 mmHg (1-3 and 4 0 kPa) between the pulmonary veins and pulmonary venous atrium significantly from the preoperative value in the whole group. In the subgroup with tricuspid regurgitation, the postoperative PLV was higher than the preoperative value but the difference was not significant. (Fig. 8) . This may explain the characteristic changes in the wave form of the atrial pressure tra-es. The most striking feature is the steep and rapid descent to the 'y' trough, coinciding with the rapid filling phase of early ventricular diastole, and thus possibly influenced by altered ventricular function. These studies do not indicate any change in left ventricular function, but a rapid 'y' descent is also seen in constrictive pericarditis, and the congestive cardiomyopathies (Wood, 1961) where atrial compliance is also reduced. In cardiac constriction, however, the 'x' and 'y' troughs are usually of similar depth whereas after Mustard's operation the 'x' trough is often barely recognizable. This supports the suggestion that after atrial contraction ('a' wave), the return of venous blood ('v' wave) into a small, relatively non-compliant chamber diminishes the fall of pressure ('x' trough) which usually follows the 'a' wave. The mechanical properties of the systemic venous atrium may also be influenced by the pericardial or 'dacron' baffle itself. Either of these materials may thicken and become relatively rigid, unlike atrial tissues, thereby altering the compliance of the atria. The reduced atrial size and compliance may together account for the observed changes in pressure wave-form.
The systemic venous atrial and superior vena caval pressure tracings described by Venables et al. (1974) are similar to those we have found. We agree that the 'y' trough gradient is probably the most sensitive indicator of some obstruction to flow from the venae cavae into the systemic venous atrium. It is conceivable that intracardiac vena caval path- (Stark et al., 1974) suggest that small pressure gradients may be of little importance The pulmonary venous atrial pressure tracings were somewhat different from the systemic venous atrial pressures. Since the pulmonary veins enter directly into the pulmonary venous atrium, the geometry of which is not altered as radically as the systemic venous atrium, pressure gradients between the pulmonary veins and pulmonary venous atrium were rare. Only two of the patients had pulmonary venous obstruction resulting from contraction ofthe baffle around the orifices of the pulmonary veins (previously reported by Stark et al., 1972) . When tricuspid regurgitation was present, the 'v' wave was domiinant and the 'y' trough tended to be lower than the 'x'. However, when there was no tricuspid regurgitation, the 'a' and 'v' waves were of similar height and the 'x' and 'y' troughs of similar depth.
Thus, the pulmonary venous atrial and systemic venous atrial dynamics were not affected in the same way by Mustard's operation. The baffle does not appear to reduce the size of the pulmonary venous atrium because it does not channel the pulmonary venous blood. The normal pressure differential between the pulmonary venous atrium and systemic venous atrium may also be a factor influencing the relative sizes of the atrial chamber after Mustard's operation. The baffle is more likely to encroach upon the systemic venous atrium and vena caval pathways than to reduce the size of the pulmonary venous atrium.
A change of practical significance occurring as a result of Mustard's operation is the reduction in the pressure gradient between the left ventricle and the pulmonary artery. A reduction of pulmonary blood flow after operation may have accounted for the decreased pressure gradient. Some support for this suggestion is found in the similarity of the pre-and postoperative gradient/flow indices which we calculated. However, it must be recognized that the (p/Is ratio is not necessarily related to the magnitude of the pulmonary blood flow.
In patients with transposition of the great arteries, pulmonary blood flow values lie within the normal range during the first few days of life and then increase (Keane et al., 1973) . This phenomenon may partly explain Tynan's (1972) observation that left ventricular outflow pressure gradients were less than 5 mmHg (07 kPa) in the first two weeks of life, but subsequently became larger. He also showed that the pulmonary arterial pressure had decreased, but found no correlation between the pressure gradient and flow ratio. However, Keane et al. (1973) published data in graphic form which suggested some relation between the gradient and measured pulmonary blood flow, but which did not reach statistical significance.
It appears that in most cases the magnitude of the left ventricular outflow gradient in transposition of the great arteries is influenced by pulmonary blood flow rather than by a fixed obstruction in the outflow pathway, which frequently occurs at subvalvar leval (Tynan et al., 1969; Silove and Taylor, 1973) . The diagnosis of left ventricular outflow tract obstruction requires not only the demonstration of a pressure gradient in the absence of a high flow, but also angiographic confirmation (Silove and Taylor, 1973) . This is important because severe fixed stenosis may increase the difficulties of operative management (Breckenridge et al., 1972) . Pulmonary vascular disease is an important complication of transposition of the great arteries and frequently presents in infancy (Ferguson et al., 1960 : Noonan et al., 1960 Ferencz, 1966; Viles et al., 1969; Newfeld et al., 1974 However, it appears that the finding of a raised PP-A postoperatively should lead to investigation for possibly pulmonary venous obstruction or tricuspid regurgitation.
